1 



<5> 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 257 193 

A2 



® EUROPEAN PATENT APPLICATION 

© Application number: 87106482.0 (ST) | nt . ci. 4 : H05K 1/09 

© Date of filing: 05.0&87 



© Priority: 27.08.86 JP 200731/86 

© Date of publication of application: 
02.03.88 Bulletin 88/09 

© Designated Contracting States: 
DE FR GB IT NL 



© Applicant: THE FURUKAWA ELECTRIC CO., 
LTD. 

6-1, 2-chome, Marunouchi Chiyoda-ku 
Tokyo(JP) 

© Inventor: Fukuoka, Shingoro 
1-18-17, Yamato-cho Nakano-ku 
Tokyo(JP) 

Inventor: Shintomi, Kouichi 

211 Ooguchlnakamachi Kanagawa-ku 

Yokohama-shl(jP) 

inventor: Maeda, Ryu 

6-15-5-219, Minamishinagawa Shinagawa-ku 
Tokyo(JP) 

Inventor: Shiroyama, Kaisuke 
610 Klyotakitanzei-machi 
NIkko-shi Tochigi-ken(JP) 

© Representative: Hansen, Bernd, Dr.rer.nat et 
ai 

Hoffmann, Eitle & Partner Patentanwalte 
Arabellastrasse 4 
D-8000 MUnchen 81 (DE) 



3 

CO 
CD 



© Low-temperature burnt conductive paste and method of manufacturing printed circuit board. 

© Disclosed are a low-temperature burnt conductive paste which is prepared in such a manner that a base 
material consisting of 50 to 95% by weight of a powder of at least one conductive material selected from the 
group cons.st.ng of copper, a copper alloy containing copper as a major component, and oxides thereof and 5 to 
50 /o by weight of a glass powder having a softening point of 300 to 600°C and a coefficient of thermal 
expansion of 6 to 13 lO^C"' is dispersed in an organic vehicle, and a method of manufacturing a printed 
circuit board using the paste. 
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Low-temperature burnt conductive paste and method of manufacturing printed circuit board 

The present invention relates to a burnt conductive paste used for a printed circuit board for an internal 
wiring material of electronic equipment and the like and a method of manufacturing a printed circuit board 
using the same. 

A conventional conductive paste of this type consists of a metal powder, a glass frit, and an organic 
5 vehicle. As the metal powder, metals such as Au f Ag, Ag-Pd, Cu, and the like are used. These conductive 
pastes are printed on insulating boards and burnt at a temperature of about 900 °C to form thick films. The 
resultant structures are used as conductor circuits having a specific resistance of about 5 x 10" 5 Q«cm or 
less. 

As the insulating boards used for these conductive pastes, ceramic boards, in particular, alumina 
70 boards, which do not change at the burning temperature, which have a sufficient adhesive strength with the 

conductive pastes, and which have good electrical insulating properties, are used. 

Since Au, Ag, and Pd are expensive, Cu paste has recently received a great deal of attention. Copper 

(Cu) is inexpensive and has good characteristics, in that it has a good electrical conductivity and soldering 

properties, and it does not easily cause migration, and so on. 
75 However, since copper is easily oxidized, it cannot be burnt in air, and must be burnt in a nitrogen 

atmosphere having a specific oxygen partial pressure in which an organic vehicle can be evaporated and 

copper is not oxidized, resulting in cumbersome operations. For this reason, a current Cu paste is 

expensive. 

Recently, a conductive paste using copper oxide has been proposed. In this paste, a small amount of a 
20 Pt powder, a Pd powder, an Ni powder, or a manganese oxide powder is added to a copper oxide powder, 
the resultant mixture is burnt at a temperature of about 700 °C in air and is then reduced in a reducing 
atmosphere at a temperature of about 1,000 o C, thereby preparing a conductor. In this method, strict 
atmospheric control is not necessary. However, burning at this temperature aims at the same applications 
and effects as those of the Cu paste, and the resultant paste is assumed to be applied to a ceramic board 
25 such as an alumina board, as the board material. However, since the conductive pastes use expensive 
noble metals, they are still expensive (Japanese Patent Disclosure (Kokai) Nos. 61-289691, 61-292394, and 
61-292393). 

Recently, another conductive paste which can be burnt at a temperature of about 500 to 675°C has 
been proposed. The conductive paste consists of a metaJ powder such as a powder of Ag, Cu, Ag alloy, Cu 

30 alloy, or the like, a glass frit, and an organic vehicle. The mixture is burnt while an amount of the glass frit is 
increased in order to improve the adhesive strength to the board and the mechanical strength of the 
resultant thick film (Japanese Patent Disclosure (Kokai) Nos. 58-71507 and 58-10302). 

In addition, still another conductive paste containing a copper oxide powder as a base material is 
proposed. In this paste, 7 to 27% by weight of boron, 0 to 35% by weight of a glass frit, and the balance of 

35 the copper oxide powder are dissolved in the organic vehicle, and the resultant paste is heated in air at a 
temperature of 500 to 675 °C to prepare a thick film conductor (Japanese Patent Disclosure (Kokai) No. 57- 
55005). 

However, the resultant conductive film obtained by heating the conductive paste in air has an 
unsatisfactory conductivity of 10 Q/n or lower and poor soldering properties. Therefore, this paste cannot be 
40 used for a printed circuit board. 

As described above, since the conventional copper oxide based conductive pastes aim at only 
decreasing a burning temperature of the paste in view of energy cost, the pastes having a low conductivity 
can only be obtained. 

In consideration of the above situation, the present inventors have made extensive studies, and as a 
45 result, developed a conductive paste which can be burnt at a low temperature of 300 to 600°C, and with 
which a resultant conductor circuit can have a sufficient adhesive strength with an insulating board and a 
circuit having a high conductivity and good soldering properties can be formed. 

More specifically, the present invention relates to a low-temperature burnt conductive paste prepared by 
dispersing, in an organic vehicle, a base material comprising 50 to 95% by weight of a powder of at least 
so one conductive material selected from the group consisting of copper, a copper alloy containing copper as 
a major component, and oxides thereof, and 5 to 50% by weight of a glass powder having a softening point 
of 300 to 600°C and a coefficient of thermal expansion of 6 to 13 * 10"^°C" 1 , and to a method of 
manufacturing a printed circuit board comprising forming a circuit pattern on an insulating inorganic board 
by a desired process using the conductive paste, heating the resultant structure in air at a temperature of 
300 to 600°C, and then heating the structure in a reducing atmosphere at a temperature of 400 to 600°C. 
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oxidL^on^H? bM8d conductive P** 6 is burnt in a non-oxidizing atmosphere so as not to 

«Z^~^ o™ t0 "* 3 C ° ndUCtiVe P3Ste ° f - Pr6Sent inVenfi0n Ca " be bu " *>™ 
in general, since an oxide film is provided on the surface of a metal powder particle a burnino 

22 r reaSed - F ° r ** reason ' a bumin 9 P racess is "««■"* Performed fn a reduc no 

rf " ° rganiC vehicle is contained like in a conductive paste, the burnino 
cannot be performed in the reducing atmosphere to evaporate the organic vehicle 9 P 

in the conductive paste of the present invention, the first burning process is performed in air to 

STETJr W9a f VehiC ' e t0 impr ° Ve W6ttin9 properBes betwaan » a coppe^oSe and olasl 
thereby improving the mechanical strength of a resultant conductive film. During toe ^conT h.lTnn 
process m the reducing atmosphere, copper oxide is reduced and at the sam TLT inteZ 
accelerated, that is. activated sintering is performed, thereby forming a con^S mTLZ e o'ocS 
ele*ncal conductivity, m the conductive paste of the present invention^ a copper powder a co?oerS 
LT^' a " P° wder « not sufficient to allow the burning JEJZTZtZ ZSZ£S 

S^cSSST 9,385 havin9 8 ,ow softentn9 point a ~« SK5 

. hifhTJl 6 c , onduc " ve P aste of «™ P^sent invention aims at burning at a low temperature, if it is burnt at 
f^"*** characteristics cannot be obtained. More specifically if the burning process 
lEZTi^i h t6mperature of 650 ° C or hi ^r, C U2 0 reacts with an oxide such as ?bO as a 
component of glass, and a composite oxide is formed. As a result, desired copper cannot bTobteJned in 
the burning process in the reducing atmosphere. ODtained in 

Particles of copper alloy, copper, and/or an oxide thereof are flattened to increase the snecific S i,rte~, 
area of the particles, to increase the area of contact with the board, and to £ a SXSS 

LTllT^T™' 3 hi9h adhBSive Sfren9th can te obtained - WhS mTspecmc surfa^als 

^ IT h 7 ""I * ° f P °" dar PartiC,eS iS inCreased ' and a «^uctivity can a*, be impSveT 
be imp'ovT ^ ° f 3 W a " 0y ^ *• and the » ka * " aad " soldering can 

In the conductive paste of the present invention, the reason why a content of a glass oowder havinn * 
softening pomt of 300 to 600-C and a coefficient of thermai expansion of 6 to 13* t^-Ts IS to 5 

IhkT ^ T 9ht ' S , aS f0 " 0WS - ' f the COntent is ,ower than 5% ^ weight, the resultant pi J Zm 
adhesion to the .nsulating board, if the content exceeds 50% by weight so.derino * P ZertiS to a c^cuTt 
board prepared by using the paste of the present invention are considerably degraded 

Low soften.ng-point glasses having a softening point of 300 to 600-C and a coefficient of th„rm a . 
expansion of 6 to 13 * «r*C- inciude PbO-B^SiO* based glass, ZnO-B^PbO b^d class ITS 

2^T. am ° Unt ? ^ ° Xide SUCh 35 Ba0> AI A ™* Zr02 2n0 " the ^ca^be conS "the^e 
glasses. A glass powder preferably has a size smaller than 325 mesh. contained in these 

of 1 1 rh d ohl Ve „T aterial , PO , Wder Pr8ferably haS 3 partic,e si2e of 10 « sma «cr. and a flattening ratio 
Doard 9 t6rmS ° f *■ COnduCtivit y of the -suitant paste and an adhesive strength to the insula^ng 

ratioToMo °00% t orZLZ "tST? 35 3 materia '' ° n9 havin 9 an °* ida «°" 

when Cui is 10ft IT 2 ? dat '° n rafi ° re P resen,s an content in percentage by weight 

S^hS^Jf * ,S ° °- ^ 3 C ° Pper a,l0y containi "9 copper as a major component one 

£?^£ ^ e ? 0U Z COnSiStin9 ° f CU " AS - Cu - Sn " and Cu - A 9" Sn - and h^ing an Ag conZt ^f 0 05 to 
50% by we.ght and an Sn content of 0.01 to 10% by weight, is preferable 

As an organic vehicle, one prepared by dissolving about 10% by weight of a material such as 

cellulose, saturated fatty acid-modified alkyd resin, or the like in butyi carbitol or tjpem ne oil can i used 

0 A f *sE&V2r material and the or9anic vehicie can be determined in ™- :r a ss 

or thI h L2°K dUCtiVe P3Ste ° f * he preS9nt invention is printed 00 a ceram 'c board, a porcelain enamel board 
tterifLr hf r !l n Pn ; ,n9 - ? 3r dryin9> the b ° ard is heated in air at a temperature of 300 to eooi^and 

The present invention will be described hereinafter by the way of its examples. 
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Example 1 



A copper oxide powder having an average particle size of 0.6 urn and a PbO-SiOrB^ based glass 
powder having a softening point of about 400°C and a coefficient of thermal expansion 8.5 x 10*^°C" 1 - 

s (glass composition: 4.5% of SiCfc, 70% of PbO, 15.5% of B2O3, 8% of ZnO, and 2% of AI2O3) were mixed at 
various mixing ratios to prepare base materials. These base materials were dispersed in an organic vehicle 
prepared such that 10% by weight or ethyl cellulose was dissolved in butyl carbitol, thereby preparing 
conductive pastes. The conductive pastes were screen-printed on alumina boards, and were respectively 
burnt at temperatures shown in Table 1. The specific resistance, the adhesive strength, and the soldering 

10 properties of the resultant conductors were tested. The test results are shown in Table 1. 
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Example 2 



55 Following the same procedure as in Example 1, the conductive paste of sample No. 5 prepared in 
Example 1 was burnt at various burning temperatures, and resultant characteristics were tested. The test 
results are shown in Table 2. 
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As can be seen from Table 2, when the burning temperature falls within the range of 300°C to 600 P C in 
air and within the range of 400°C to 600°C in a hydrogen atmosphere, the best characteristics can be 
obtained. 
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Example 3 



The influence of an oxidation ratio of copper oxide was tested. Conductive pastes and conductors were 
prepared using compositions and burning temperatures shown in Table 3 following the same procedures as 
in Example 1, and Table 3 shows the characteristics of the resultant conductors. 
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As can be seen from Table 3, as the oxidation ratio of copper is increased, better characteristics can be 
obtained. 
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Example 4 



The influence of a flattening ratio (a ratio of length/thickness) of the copper oxide powder was tested. 
Following the same procedures as in Example 1, conductive pastes and conductors were prepared using 
compositions, types, and burning temperatures shown in Table 4. The characteristics of the resultant 
conductors are shown in Table 4. 
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Example 5 



Seventy percent by weight of various copper alloy oxide powders having an average particle size of 1 
urn and 30% by weight of PbO-SiOrB203 based glass having a softening point of about 550°C and a 

5 coefficient of thermal expansion of 7.8 x lO^CT 1 (glass composition: 11% of SiCb, 81% of PbO, 4% of 
B2O3, 3% of A*203. and 1% of ZnCfe) were mixed to prepare base materials. The base materials were 
dispersed in an organic vehicle in which 10% by weight of ethyl cellulose was dissolved in butyl carbitol, 
thereby preparing conductive pastes. The conductive pastes were screen-printed on alumina boards, and 
were burnt at predetermined temperatures. The specific resistance, the adhesive strength, and the soldering 

ro properties of the resultant conductors were tested. The test results are shown in Table 5. 
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Example 6 



A copper powder having an average particle size of 1 urn and a PbO-SiOrB^ based glass powder 
(the same composition as in Example 1) were mixed at various mixing ratios to prepare base materials The 
base materials were dispersed in an organic vehicle in which 10% by weight of ethyl cellulose was 
dissolved in butyl carbitol, thereby preparing conductive pastes. The conductive pastes were screen-printed 
on alumina boards and were burnt at predetermined temperatures. The specific resistance, the adhesive 
strength, and the soldering properties of the resultant conductors were tested. The test results are shown in 
Table 6. 
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Example 7 

The conductors were formed on the alumina boards using the conductive paste of sample No. 41 
prepared in Example 6 while changing the burning temperature, and the characteristics of the resultant 
5 conductors were tested. The test results are shown in Table 7. 
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As can be seen from Table 7, when the copper powder is used, if the burning temperature falls within 
the range of 300°C to 600°C in air and within the range of 400°C to 600°C in a hydrogen atmosphere, 
55 conductors having good characteristics can be obtained. 
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Example 8 



The influence of a flattening ratio (a ratio of length/thickness) of the copper powder on the characteris- 
tics of the conductor was tested. Following the same procedures as in Example 6, conductive pastes and 
conductors were prepared using compositions, types, and burning temperatures shown in Table 8 The 
characteristics of the resultant conductors are shown in Table 8. 
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As can be seen from Table 8, the copper powder having a flattening ratio of 1 .5 or more can provide 
good characteristics. 



s Example 9 

Seventy percent by weight of copper alloy powders having compositions shown in Table 9 and an 
average particle size 1 urn and 30% by weight of a PbO-Si02-B2O3 based glass powder having a softening 
point of about 350°C and a coefficient of thermal expansion of 11 x lO^C' 1 (glass composition: 4% of 
70 SiCfe. 85% of PbO, 18% of B2O3. 1% of M2O3, and 2% of ZnO) were mixed to prepare base materials. The 
base materials were dispersed in an organic vehicle in which 10% by weight of ethyl cellulose was 
dissolved in butyl carbitoi, thereby preparing conductive pastes. The conductive pastes were screen-printed 
on alumina boards, and were burnt at temperatures shown in Table 9. The specific resistance, the adhesive 
strength, and the soldering properties of the resultant conductors were tested. The test results are shown in 



rs Table 9. 



• 20 



25 



30 



35 



40 



50 



55 



16 



BNSDOCID: <EP 0257193A2_I_> 



# 



0 257 193 



70 



15 



20 



25 



30 



35 



40 



0 

r-i 

n 

rc5 
H 



45 



SO 



i 

(0 

(TJH C 

4J <T5 O 

O > t-i 



1 

I 0 

u u 
a> cu >i 

T3 4-> 

oca> 



> JJCSJ 

to c S 

0 0 \ 

»a jj J4 



+ 



to 0 g 
o o 
c 



a -h 

0 CO 

cu 0 <o cs 
co a; u-> >— 



i 

e — 
0 a 

H o 

m 

C 0 

c o 

U 4J 
CQ M 



2 

0 

Cn | 
O CO 0 
MOM 

e 0 
c >i -p x: 

H EC < 



I 

o 

rH 

X 
00 



+ 

'9) 



® 



+ 
+ 

P) 



LO 



VO 
I 

O 
<-H 

X 



o 
o 
in 



o 
o 
in 



c 




o 




•rH 




4J 




-r-l 




0) 


< 


>i O 


dP 


O Q, 


i-H 




1 


rH O 




< a 





o 

2 



O 

o 
in 



in 



m 
I 

o 



9) 



in 



o 
o 
in 



o 
o 
in 



CD 
O 



=3 



in 



o 
vo 



o 
o 
in 



in 
1 

o 

i— 1 
X 
CN 



O 

o 
in 



o 
o 
in 



< 

o 
in 
l 

u 



vo 



a 

co 



=3 



+ 
+ 



Qi 



+ 

in 



0 

C 
■H 
4-> 

C 

o 
a 



in 
I 

o 

X 

in 



in 
I 

o 

X 



o 
o 
in 



o 
o 
m 



o 
o 
in 



o 
o 
in 



CM 



c 

CO 
dP 

m 
1 

o 



c 

CO 
dP 

o 

r— I 
I 



CO 
VO 



vo 



55 



17 



BNSDOCID: <EP 0257193A2 I 



0 257 193 



10 



15 



20 



25 



30 



35 



40 



45 



I 

05 
















rH D 
















05 rH 


c 














JJ OS 


o 








X 




O > -n 






































c 


I 














0 


I O 














1—1 


u u 




+ 










rH 


0 04 










+ 








4J 






- 






o 


rH D> VJ 
O C 0 




& 






<D 


CO -h 




























x: 














4J 
















to c 


a 




m 






CO 


M-l 






• 


• 


• 


• 


• 


O 




a> 


rH 


i— i 


rH 


rH 


r-H 




-U> J* 












-P 


<c to 














0) 

0 


O" " 














.o 


•H 




in 


VD 


V£3 








MH I 




1 


1 


1 


1 


! 


CD 


0) 


a) e 


o 


o 


O 


O 


O 


0 


O -H 


o o 


r— i 


1—1 


i— 1 


rH 


rH 


4J 


0 w 


c • 


X 


X 


X 


X 


X 


fC 


CU 0) 


ro c; 




00 


CO 


CI 


i-4 


o 














-rH 




















c 












c 


i 


0 












■r-f 


0 
















CU 


o in o> 


o 


o 


o 


o 


O 




e — 


u o u 


O 


o 


o 


o 


O 


+ 


0 a 




ID 


in 


in 


in 


in 




E-« o 


















he<c a 












C 


D» 














CO 


C 0 


u 














•H J-l 


•f-i 












*j 


C 3 


< 


O 


o 


o 


o 


o 


0 


H -P 




O 


o 


o 


o 


o 


4J 


p <d 


c 


LO 


in 


in 


in 


in 


JJ 


PQ 


M 












be 
















CQ 






c 










0 






UJ 












C 




dP 




c 






(0 >i 


0 




in 


CD 


CO 






o u 


♦r-l 




I 


< 


dP 






•rH O 


4J 






dP 


in 




C 




•r-l 




% 


CO 


o 


< 


CO 


C 0 


CO 






o 


o 


dp 


dP 




>i o 




o 


• 


• 


O 


m 




O Q* 




<N 


o 


o 


vo 


f— i 


+ O 






1 




1 


1 




iH 0 






D 


o 




i 




< o 






a 


o 


CJ 


a . 


a> 


















o 




in 






00 


O 


o 








• 1 











4 



50 



55 



Claims 

1 . A low-temperature burnt conductive paste characterized in that a base material comprising 50 to 95% 
by weight of a powder of at least one conductive material selected from the group consisting of copper, a 
copper alloy containing copper as a major component, and oxides thereof and 5 to 50% by weight of a 
glass powder having a softening point of 300 to 600°C and a coefficient of thermal expansion of 6 to 13 x 
lO^C" 1 is dispersed in an organic vehicle. 

2. A paste according to claim 1, characterized in that the average particle size of said conductive 
material powder is not more than 10 n. 
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3. A paste according to claim 1, characterized in that said conductive material powder comprises an 
oxide powder of copper or a copper alloy having an oxidation ratio of 0.1 to 100%. 

powder* P3Ste aCCOrding t0 Claim 1l cnaracteri2ed in that said conductive material powder is a copper 

5 * J' A pa f te accordin 9 to claim 1, characterized in that said conductive material is flattened to have a 

flattening ratio (a ratio of length/thickness) of at least 1 .5. 

6. A paste according to claim 1, characterized in that the copper alloy is an alloy selected from the 

group consisting of Cu-Ag. Cu-Sn. and Cu-Ag-Sn, an Ag content falling within the range of 0.05 to 50% by 

weight, and an Sn content falling within the range of 0.01 to 10% by weight " 
70 ™n 7 to A JS? aC ^°!? n9 to « = laim 1 ' Characterized in that said glass powder having the softening point of 

3u0 to 6(K)-C and^lhe coefficient of thermal expansion of 6 to 13 * lO^C- is lead-borosilicWglass 

containing PbO-B^SiOz as a major component. 9 
8 A method of manufacturing a printed circuit board characterized in that a circuit pattern is formed on 

an electncal insulating inorganic board by a desired process using a burnt conductive paste prepared by 
rs dispersing, ,n an organic vehicle, a base material comprising 50 to 95% by weight of a powder of at least 

one conductive material selected from the group consisting of copper, a copper alloy containing copper as 

m £Z 3 1 ° XideS therSOf and 5 t0 500/0 by wei 9 ht of a 9 |ass P° wd er having a softening point 
of 300 to 600-C and a coefficient of therma. expansion of 6 to 13 * 10-C- and the resultant structureTs 

» *^T5^ ° f 300 t0 60 ° SC iS SUbSeqUent ' y heated * a ^sphere at a 

k h A ,^*° d accordin 9 t0 c,aim 8 - characterized in that said electrical insulating inorganic board is a 
board selected from the group consisting of a ceramic board and a porcelain enamel board 

t„ J°' A . meth0£ ! accordin 9 to claim 8, characterized in that said burnt conductive paste is screen-printed 
to form said circuit pattern. 
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